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Abstract

Two experiments were conducted to test the notion that people select actions

that are diagnostic of favorable outcomes even though the actions do not cause

those outcomes. In the first experiment, subjects immersed their forearm into a

chest of circulating cold water before and after physical exercise. Depending on

condition, subjects learned that a long life expectancy was associated either with

increases or decreases in tolerance to cold water after the exercise. As predicted,

subjects showed changes in tolerance on the second trial in the direction corre-

lated with a long, healthy life. In the second experiment, subjects encountered

one of two theories about the sort of voters who determine the margin of victory

in an election. Only one of the theories would enable voting subjects to imagine

that they could "induce" other like-minded persons to vote. As predicted, more

subjects indicated that they would vote given that theory than given a theory in

which the subject's vote would not be diagnostic of the electoral outcome,

although the causal impact of the subject's vote is the same under both theories.
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Causal versus Diagnostic Contingencies:

On Self-Deception and On the Voter's Illusion

George A. Quattrone & Amos Tversky

Stanford University

Decision-making is a risky enterprise. The outcome of a decision often

depends on past or future states of nature that cannot be known with certainty.

Because a decision may have a wonderful or a disastrous outcome depending on

which state of nature obtains, it is reasonable for the decision-maker to weigh the

possible outcomes of an action by the probability of the states on which the out-

comes depend.

In many situations, the relevant states of nature are independent of one's

choice. Despite numerous anecdotes to the contrary, the probability of rain does

not depend on whether one has decided to wash one's car. We shall use the con-

ventional notation for conditional probabilities, P(S/A), to refer to the probabil-

ity of a state, S, given act, A. Thus, the state 'rain' is independent of the act

'car wash' in the sense that P(S/A) = P(S/not A) = P(S), the marginal (i.e.

predecisional) probability of rain.

It is not always true that the relevant states of nature are independent of

one's choice. In deliberating over whether to stop smoking, for example, the

decision-maker must weigh the pleasures of tobacco and the pain of withdrawal

against the possibility of premature death. Clearly, the risk of contracting lung
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cancer (S) is not independent of whether one abstains (A) from smoking in that

P(S/A) < P(S/not A). Because states may not be independent of one's choice,

the value of each outcome associated with a particular act should be weighted by

the probability of the outcome conditional on selecting the act (Jeffrey, 1965).

This conception becomes problematic when it is recognized that acts may

be causal or diagnostic of outcomes with which they are correlated. Consider the

historical controversy over how to interpret the correlation between smoking and

cancer. It is now widely acknowledged that smoking has a direct causal effect on

the etiology of lung cancer. But it has not always been so clear. As late as 1959,

R.A. Fisher, the great statistician, argued that the correlation could be attribut-

able to a genetic trait that predisposed the individual towards both smoking and

cancer. To Fisher, smoking was diagnostic of lung cancer, not causal, in that

smoking was merely a sign that the individual had been born with the precan-

cerous gene. Despite the fact that smoking may have a lower expected desirabil-

ity than abstaining if the value of the outcomes are weighted by the respective

conditional probabilities, Fisher cited his genetic thesis as reason enough for

lighting up.

One may certainly object to Fisher's theory about the linkage between

smoking and cancer. But if the theory were true, Fisher's decision to continue

smoking is defensible. According to this theory one either has or does not have

the precancerous gene, and hence one's decision to smoke or not does not facili-

tate nor inhibit the emergence of cancerous cells. True, smokers are more likely
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to die of cancer than nonsmokers. But the correlation is channeled through the

presence or absence of a genetic trait beyond the individual's control.

One way to conceptualize the problem is to imagine that the hypothetical

precancerous gene exerts its influence on smoking by first producing a yen or an

urge to smoke (Jeffrey, 1981). The knowledge that one does not have the urge

(A*) or that one does (not-A*), effectively 'screens off' the correlation between the

act of smoking (not-A) and cancer (S), in the sense that P(S/A & A*) = P(S/not

A & A*) < P(S/A & not A*) = P(S/not A & not A*). The inequality indicates

that among people without the urge and among people with the urge, smoking is

independent of cancer. The overall correlation between smoking and cancer is

merely a consequence of there being more smokers and precancerous persons

among people with the gene-induced urge than among people without the urge.

Hence, upon recognizing that one has the urge to smoke, one who subscribes to

Fisher's theory ought to light up because, given the urge, cancer is independent

of smoking. Most philosophical analyses of the problem (Nozick, 1969; Gibbard

& Harper, 1978; Skyrms, 1980; Jeffrey, 1981) defend smoking under the above

assumptions, but question whether it is always possible to screen off the correla-

tion between action and outcome.

We now turn from the logical to the psychological analysis, which is com-

plicated by the fact that causal and diagnostic contingencies are usually con-

founded in the real world. Suppose undergraduates know that students who

attend a review session for the final exam get better grades than students who do
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not attend. Does the correlation between attendance and grade mean that the

review session really helps? Or does it mean that reviews are attended primarily

by conscientious students who would do well session or no? Insofar as there is

uncertainty about the causal or diagnostic significance of the action (attendance)

with respect to the outcome (grade), it is reasonable for students to entertain the

causal hypothesis, play it safe, and attend the session. We hypothesize, however,

that people would select an action correlated with an auspicious outcome even if

they believed that the action is only diagnostic of the outcome and in no way

causal. Thus even if students were presented with compelling evidence that

review sessions have no causal influence on their exam performance, and they

accept the evidence, they might nonetheless be tempted to attend, so long as

better grades are associated with attendance than with non-attendance.

Insert Figure 1 about here

This problem is reminiscent of the well-known dilemma faced by Calvin-

ists, who subscribe to divine predetermination. As drawn in the lefthand side of

Figure 1, Calvinists believe that there are two kinds of people, the chosen and

the non-chosen. Whether one is chosen or not has already been decided by the

deity prior to one's birth. There are at least two consequences of the deity's deci-

sion. First, the chosen will enter paradise after death, whereas the non-chosen

will suffer eternal damnation in hell. Second, the chosen will lead a life of virtue,

whereas the non-chosen will lead a life of sin. Calvinists do not know who among
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them are the chosen. But they know that avarice, lust, and sloth are sinful acts

correlated with eternal damnation. Conversely, they know that charity, purity,

and hard work are virtuous acts correlated with eternal post-mortal bliss.

Although the acts are not believed to influence one's posthumous fate, most Cal-

vinists conclude that they had better live by the Book in that the immediate

gratifications of the flesh seem hardly worth an eternity in hell. That Calvinists

may confuse diagnostic and causal contingencies is illustrated by the following

letter circulated by Baptists in 1770: "Every soul that comes to Christ to be

saved ... is to be encouraged ... The coming soul need not fear that he is not

elected, for none but such would be willing to come."

What about the 'urge' or the temptation to sin? Do Calvinists not recog-

nize that temptation itself should screen off the correlation between the virtuous-

ness of one's act and the location of one's life after death? After all, only the

non-chosen would even contemplate a dissolute deed. The normative analysis of

Fisher's smoking theory would suggest that Calvinists ought to transgress upon

experiencing the desire to do so, celeris paribus, for heaven and hell are indepen-

dent of action conditional on the urge to sin. Contrary to this analysis, we

believe that many Calvinists would nonetheless resist the temptation and choose

instead the virtuous acts correlated with paradise.

The notion that people select actions enabling them to make favorable

diagnoses about their own characteristics, such as being chosen, is familiar to

social psychologists (see, Abelson et al., 1968). What has not been investigated in
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the literature are the conditions under which people would be "taken in" by their

own actions. How could actors reasonably make a favorable diagnosis from their

behavior when the behavior was enacted in order to make the diagnosis? What

comfort could a Calvinist derive from a virtuous act if performed while one is

tempted to sin? One possibility is that people do not quite recognize that for

diagnostic contingencies the urge to act (e.g., to smoke or to sin) screens off the

correlation between action and outcome. People may adopt a quasi-behavioristic

doctrine in which actions speak louder than urges and related inner states. This

account is consistent with Bern's (1972) theory of self-perception in that infer-

ences about the self are assumed to be based solely on the observation of one's

own behavior and on the external circumstances in which one behaves. It is also

possible, however, that a certain degree of self-deception may contribute to

accepting the diagnosis implied by one's behavior. That is, actors may have to

avoid admitting to themselves that the behavior was produced more by the

motive to infer an auspicious antecedent cause than by the auspicious antecedent

cause itself Calvinists may deny their temptation to sin and convince them-

selves that the virtuous act was not selected merely to defend against the infer-

ence of not being chosen.

Gur and Sackheim (1979) have characterized self-deception by the follow-

ing criteria: (a) the individual simultaneously holds two contradictory beliefs, (b)

the individual is not aware of holding one of the beliefs, and (c) the lack of

awareness is motivated. We are arguing that when people select actions to infer

h- - - . . , l l
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an auspicious antecedent cause, then, to accept the inference as valid, they often

render themselves unaware of the fact that they selected the action just in order

to infer the cause. Unless they deny to themselves that their action was purpose-

fully chosen to make a favorable diagnosis, they may not attribute the action to

the target antecedent cause but rather to the motive to i-fer that cause. This

view is compatible with the criteria put forth by Gur and -kheim. The beliefs,

" purposefully engaged in the behavior to make a favor diagnosis," and "I

did not purposefully engage in the behavior to make a fL :- e diagnosis," are

clearly contradictory (a), and one's lack of awareness (b) regarding the former

belief is motivated by the individual's desire to accept the diagnosis implied by

behavior (c). When people select an action to make a favorable diagnosis, but

fail to realize that they purposefully selected the action in order to make the

diagnosis, we classify the action and the denial collectively as a form of deceptive

diagnosis.

EXTERIMENT 1

Deceptive Diagnosis about One's Own State of Health

The first experiment tested our basic thesis that people select actions diag-

nostic of favorable outcomes, even if it is clear that the action does not facilitate

the outcome. Self-report measures were also included to test the notion that,

even if people do engage in the diagnostic behavior, the favorable diagnosis would
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te made primarily by subjects who deny that the action was purposefully

selected. We chose to investigate these issues in a medical context. Medical

examinations consist of tests that are diagnostic or indicative of one's underlying

state of health. How one does on the examination does not, in general, affect

one's state of health. Rather, it is one's state of health that determines how one

does on the examination. If people were given an opportunity, we predict that

they would "cheat" on a medical examination in a direction correlated with

desirable outcomes, such as good health and longevity. To test this hypothesis,

we constructed an analogue of the Calvinist dilemma in the medical realm. Sub-

jects learned that there were two kinds of hearts, namely, Type 1 and Type 2.

leart type allegedly had two sets of cor equences. First, people with Type 1

heart are frequently ill, are prone to heart disease, and have a shorter than aver-

Aie life expectancy. People with Type 2 heart enjoy good health, have a low risk

of heart disease, and show a longer than average life expectancy. Second, heart

type wa'Ls said to determine how exercise would change an individual's tolerance

14 cold water Half of our subjects were informed that a Type 1 heart would

increase tolerance to cold water after exercise whereas a Type 2 heart would

decrease tolerance. The remaining subjects learned that a Type 1 heart would

decrea.se tolerance to cold water after exercise, whereas a Type 2 heart would

increase tolerance. We shall refer to these treatments as the Decrease and

Increa.e conditions, respectively, to indicate the change in tolerance associated

with good health and longevity. The righthand side of Figure I illustrates the

correlational stricture received by subjects in the Decrease condition. All three
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variables (i.e., heart type, life expectancy, and shifts in tolerance) were treated as

continuous. For example, subjects in the Increase condition were led to believe

that the closer they are of having a Type 2 heart, the more would exercise

increase their tolerance and the longer would their life-expectancy be.

Subjects first underwent a baseline trial of the cold-pressor pain task (Hil-

gard et al., 1974), which requires them to submerge their forearm into a chest of

circulating cold water until they can no longer tolerate it. Subjects then pedaled

an exercycle for one minute, which was followed by the information about heart

types, life expectancy, and tolerance shifts. Subjects then repeated the cold-

pressor task to their tolerance threshold in the presence of a second "blind"

experimenter. Finally, subjects indicated on a questionnaire whether they

believed they were Type I or Type 2 and whether they had purposefully tried to

alter the amount of time they kept their arm in the water on the post-exercise

trial. We tested the following three hypotheses:

1. On the post-exercise or "experimental" trial, subjects would shift their

tolerance threshold in the direction correlated with health and longevity: that is,

a downward shift in the Decrease condition and an upward shift in the Increase

condition. The prediction for the Increase condition is especially noteworthy

because it implies that people will incur painful consequences of their action so

long as the action were diagnostic of an outcome more important than transient

pain.
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2. By and large, subjects will deny that they purposefully tried to shift

their tolerance on the post-exercise trial.

3. Those subjects who do admit that they had purposefully tried to shift

their tolerarnce would be less likely to infer that they had the preferred Type 2

heart than would subjects who deny the attempt to shift.

Method

Subjects

The subjects were 21 female and 17 male undergraduates at Stanford

University, participating to fulfill an introductory course requirement. Sex pro-

duced no effects and will receive no further mention.

Procedure

Subjects arrived for an experiment on the "psychological and medical

aspects of athletics." The experimental room was on the physiological floor of the

psychology building where animals, chemicals, and electronic equipment are

readily visible. The location was selected to establish credibility for our alleged

interest in cardio-vascular matters. A female experimenter, wearing a white lab

coat, told subjects that the purpose of the study was to examine the effects of

rapid changes in temperature on heart rate after exercise. The research question

was allegedly inspired by wondering what were the coronary implications of ath-
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letes' jumping into a cold shower after working out on a hot day. Subjects were

given an overview of the entire experimental procedure. The cold-pressor task

was said to provide the necessary "change in temperature," pulse-readings to pro-

vide the measures of "heart rate," and pedalling an exercycle to provide the

"exercise." Subjects understood that they would undergo two trials of the cold-

pressor task, each followed by a pulse-reading, and separated from each other by

a minute of exercycling. Thus the first trial would provide a baseline measure of

heart rate in response to temperature change, which could then be compared to

heart rate in response to temperature change following exercise. After subjects

understood the procedure and were forewarned of the discomfort associated with

the cold-pressor task. they were asked to express their informed consent. All sub-

jects consented.

The baseline trial of the cold-pressor was administered after subjects had

given their consent. The apparatus consisted of a picnic chest, partitioned in the

middle and filled with water. Ice cubes were placed in one side of the partition,

and a motor circulated the water, to maintain its temperature at about 35 F.

Subjects immersed their bare hand and forearm into the water. After every five

seconds they reported a number from one to ten to express their discomfort. The

number ten was taken to mean that point at which subjects would rather not

tolerate the cold any longer. When subjects reached ten, they were asked to

remove their arm from the chest. Subjects reported their numbers in response to

a letter called out by the experimenter. Subjects heard "A" after five seconds,
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"B' after ten seconds, "C" after fifteen seconds, and so on. This procedure was

used to help subjects to recall how long they tolerated the water on the baseline

trial thus providing them with a target for the experimental trial. Subjects then

had their pulse taken and pedaled an exercycle vigorously for one minute.

A brief "rest period" was inserted between the exercycling and the experi-

mental cold-pressor trial. This interval gave the experimenter the opportunity to

present the correlational structure discussed previously. To prevent subjects

from discovering the true purpose of the study, the crucial information was

embedded in a mini-lecture on psychophysics. Subjects learned that the cold-

pressor was used to study the psychophysics of pain. Psychophysics was defined

as the attempt to relate mathematically the perception of a stimulus to the phy-

sical properties of a stimulus. Subjects were shown a curve on a blackboard that

related time of immersion in cold water to subjective discomfort (i.e., numbers

from one to ten). The curve depicted the typical relationship and it was said to

be based on data averaged over many people. Individual differences were said to

exist, illustrated by showing two curves that reached ten at different rates. Skin

type was said to be one factor that distinguished between people with high or low

tolerance to cold water. Heart type was said to be another factor. Subjects

learned that people could be characterized as having either one of two Cardiovas-

cular Complexes, referred to as Type 1 and Type 2 hearts. Subjects viewed a

histogram, on a glossy photograph, which showed that longer life expectancies

were associated with increasing degrees of Type 2 hearts and that shorter life
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expectancies were associated with increasing degrees of Type 1 hearts. Allegedly,

some investigators had suggested that Type Is do not differ from Type 2s in

tolerance on the pre-exercise trial. However, exercise supposedly may create a

difference between the two types. Subjects were then randomly assigned to either

the Decrease or Increase described earlier. The information was conveyed ver-

bally and displayed in a histogram.

A second female experimenter administered the experimental cold-pressor

trial. To guard against experimenter bias, she was blind to subject's condition

and performance on the baseline trial. We also tried to reduce the likelihood that

subjects would show self-presentational shifts in tolerance to impress the experi-

menter that they were healthy. First, it was made clear to subjects that there

was a lot of variability within Type is and Type 2s on both trials. Thus, the

second experimenter could not infer from the length of the second trial subjects'

likely type. Only shifts between trials would be telling. Second, subjects were

assured that the first experimenter would be kept ignorant of their performance

on the second trial and that the second experimenter would be kept ignorant of

their performance on the baseline trial. Thus, neither experimenter would have

the data required to infer subjects' likely type. Finally, the experimenter who

administered the post-experimental trial was presented as a secretary, wearing

ordinary clothing, employed here simply to administer the trial. Thus her

appearance and behavior were designed to have it seem as though she knew noth-

ing of the study's hypotheses, description, or rationale. After the second cold-
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pressor trial, subjects completed a brief questionnaire. The questionnaire

included three manipulation checks in which subjects were asked to recall which

type had a longer life expectancy, which type they would prefer to be, and which

type was able to tolerate cold water longer after exercise than before exercise. In

addition, subjects were asked to infer whether they were Type I or 2, and they

checked either "Yes" or "No" to the question, "Did you purposefully try to alter

the amount of time you kept your hand in the water after exercise?" Finally, sub-

jects were thoroughly debriefed of all deception and sworn to secrecy. Prior to

the debriefing, no subject could articulate the hypotheses when probed.

Results

Validity of Manipulations

All of the 38 subjects correctly answered the questions concerning the rela-

tive lifespans and shifts in tolerance allegedly found among Type 1 and Type 2

persons. Moreover, all subjects indicated that they would prefer being Type 2

Measures of Tolerance

The number of seconds during which subjects kept their arm in the cold

water was recorded after each of the two trials. The cell means are shown in

Table I. In line with our first nypothesis, subjects in the Decrease condition

showed significantly less tolerance on the experimental trial than on the baseline

trial, F'(1.36) = 9.41, p<.005, whereas subjects in the Increase condition showed
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significantly more tolerance, F(1,36) = 23.25, p<.001. The interaction between

trial (baseline vs. experimental) and condition (Decrease vs. Increase) was also

highly significant, F1,36) = 30.64, p<.001, indicating that shifts in tolerance

differed across the two conditions in the predicted direction.

Insert Table 1 about here

Of the 38 subjects tested, 27 showed the predicted shift, (13 of 19 in the

Decrease condition and 14 of 19 in the Increase condition), and 11 did not, p<.01

by the sign test. Five subjects in each condition showed no shift, whereas one

subject in the Decrease condition, a "suicidal type," showed a shift opposite from

prediction.

Subjects in the Decrease condition exhibited slightly more tolerance on the

baseline trial than did subjects in the Increase condition, although the difference

was not statistically significant. Nevertheless, the difference raises the possibility

that the observed shifts may have been due to a regression artifact. If regression

could account for the results, then changes in tolerance would not differ across

the two conditions in an analysis that treated baseline tolerance as a covariate.

The analysis of covariance was performed, and the significant difference across

conditions remained, F1,35) = 31.97, p<.001, ruling out regression artifact.

Self-report8
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Only 9 of our 38 subjects indicated on the anonymous questionnaire that

they had purposefully tried to change the amount of time they held their hand in

the water after exercise. In line with our second hypothesis, this number was

smaller than the number (i.e., 29) who indicated no attempt to shift, p<.005 by

sign test. The tendency to deny or to admit an attempt to shift could not be

attributed to actual differences in behavior. That is, the percentage of subjects

who did shift as predicted was no greater among subjects who indicated that

they tried to shift (67%) than it was among subjects who indicated that they did

not try to shift (72%). Table 2 shows the mean changes in tolerance in the

Decrease and Increase conditions both for the group of subjects who indicated

that they did try to shift ("non-deniers") and for the group who indicated that

they did not try to shift ("deniers"). The predicted difference between conditions

was significant within each group of subjects, and no interaction between condi-

tion and subjects' group was observed, F{1,34)<1.

Insert Table 2 about here

We have shown that a majority of subjects show the hypothesized shift

and that a majority deny that they attempted to shift. Moreover, the deniers did

not differ from the non-deniers in the degree to which their behavior was diagnos-

tic of having a Type 2 heart. In line with our third hypothesis, however, the two

groups of subjects did differ in their acceptance of the diagnosis implied by their

behavior. Only two of the nine non-deniers (or 22c) inferred having a Type 2
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heart, whereas 20 of the 29 deniers (or 69%) inferred a Type 2 heart, p<.05.

Discussion

The preceding experiment employed a procedure that resembles a medical

examination. Subjects believed that a directional change in tolerance to cold

water correlated with their state of health and expected lifespan. It should have

been clear to subjects that shifts in tolerance would have no causal impact on

their life expectancy. Shifts would be merely diagnostic of their life expectancy

in that both shifts and life expectancy were affected by an individual's heart

type. As hypothesized, subjects "cheated" on this medical examination in a

direction correlated with having a robust heart and long expected life. Subjects

who believed that longevity was associated with an exercise-induced decrease in

tolerance removed their arm from near-freezing water sooner after exercise than

before exercise. Subjects who believed that longevity was associated with an

exercise-induced increase in tolerance removed their arm from the water later

after exercise than before exercise. The latter result indicated that people are

willing to bear painful behavioral consequences so long as the behavior is a sign,

though not a cause, of good health and long life.

As hypothesized, a majority of subjects indicated that they had not pur-

posefully tried to alter the amount of time they kept their hand in the cold.

Moreover, the few subjects who indicated that they did try to shift were no more

likely to show the predicted shift than were the many subjects who indicated no
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attempt to shift. In the post-experimental interview, the first experimenter asked

subjects who shifted why they had done so. Subjects in the Decrease condition

would typically say something like, "The water felt a lot colder," whereas sub-

jects in the Increase condition would say something like, "The water just didn't

feel so cold anymore." By themselves, these data may signify only that subjects

were reluctant to admit to the experimenter that they had "falsified" their

scores. The self-presentational account appears less plausible, however, when we

consider these data in conjunction with subjects' private inferences as to whether

they were Type I or Type 2. A majority of the subjects who indicated on the

anonymous questionnaire that they tried to shift inferred that they were Type 1,

fated to a life of illness. But the majority of subjects who indicated no attempt

to shift inferred that they were Type 2. These inferential differences were

obtained despite there being no behavioral differences between deniers and non-

deniers. The data therefore suggest that a majority of subjects may have been

reluctant to admit to themselves that they acted with a target inference in mind.

Subjects probably sensed the dubious legitimacy of an inference based on

behavior that was motivated by the desire to make the inference. Denying the

ulterior motive makes it easier for subjects to make the comforting diagnosis.

Conversely, the difficulty of denying one's intentions may help explain the limited

success of behavioral therapies. Clients are trained to act assertively, but they do

not feel like assertive people because they know that the behavior is a deliberate

attempt to create an assertive image and is thus an invalid indicator. 1 To be

sure, self deception and denial are not matters of all-or-none. Even subjects who
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indicated no attempt to shift may have harbored a lingering doubt to the con-

trary.

The physiological mechanism of pain may have facilitated self-deception in

this experiment. Most people believe that heart responses and pain thresholds.

are ordinarily not under an individual's voluntary control. This widespread belief

would protect the assertion that the shift could not have been on purpose, for

how does one "pull the strings?" For this reason, we suspect that deceptive diag-

nosis is more likely to occur for actions (incorrectly) believed to be uncontrollable

than for actions believed to be controllable. It is also conceivable that the

observed changes in cold tolerance may have reflected actual physiological

changes in tolerance thresholds. Indeed, recent studies by Fields (1978) suggest

that the pain relief brought about by a placebo may not be "all in the mind."

The thought, "this pill will bring relief," may stimulate the production of

opiate-like enkephalins. Analogously, it is not inconceivable that the motive to

be Type 2 might have stimulated (Increase condition) or suppressed (Decrease

condition) the release of enkephalins among subjects in the present experiment.

As noted by Zimbardo and his collaborators (1969), the cognitive control of pain

may be aL real a phenomenon as it is perplexing.
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EXPERIMENT 2

Actions that Diagnose the Actions of Others: The Voter's illusion

The idea that people may select an action to make a favorable self-

diagnosis is not new. The first experiment went beyond earlier treatments of the

problem by demonstrating that self-deception may contribute to accepting the

diagnosis implied by behavior. The second experiment extends our analysis of

the problem further by testing the hypothesis that people would select actions

correlated with auspicious outcomes, even if the actions do not directly involve

inferences about oneself. For example, an individual may regard his or her own

decisions as diagnostic of the decisions likely to be made by other "like-minded"

persons. If the individual recognizes that beneficial outcomes would ensue if very

many lik(-minded persons select a particular alternative, then the individual may

select that alternative, even if the choice is costly, not witnessed by others, and

not likely by itself to affect the final outcome. In these circumstances, the choice

is made to 'induce' others who think and act like oneself to do the same, rather

than to make comforting diagnoses about one's own attributes. The following

analysis of voting is a case in point.

Political scientists have long noted the paradoxical nature of an

individual's voting in large national elections. A single vote is highly unlikely to

be decisive, and the time and effort required to register and vote can be considcr-

able. To understand voting in terms of rational choice, political scientists have

maintained that an individual may derive from voting other benefits than just
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the prospect of casting the decisive ballot (cf. Riker & Ordeshook, 1968). These

additional benefits may include fulfilling one's citizen's duty, participating in a

common social ritual, and signaling to others that voting is essential for the sur-

vival of democracy. To these rational causal consequences of voting, we suggest

adding a less rational diagnostic aspect. People may reason that, within the elec-

torate, there are citizens whose political orientation is similar to theirs (i.e., like-

minded persons) as well as citizens whose political orientation is dissimilar (i.e.,

unlike-minded persons). The political dichotomy may be based on a single

important issue, like abortion, or on an entire ideology, like

liberalism/conservatism. Two sets of consequences may follow from political

orientation. First, like-minded persons would prefer one line of candidates,

whereas unlike-minded persons would prefer the opposing line. Second, political

orientation may also affect the likelihood of voting. There are three relevant pos-

sibilities to consider: like-minded persons may vote in larger numbers than do

unlike--minded persons: unlike-minded persons may vote in larger numbers than

do like-minded persons; or there may be no relationship between political orienta-

tion and likelihood of voting. One may not know which of these three states of

the world will be in effect in the upcoming election. But one may reason that if

one votes, then one's politically like-minded peers, who think and act like oneself,

will also vote. Conversely, if one abstains, then one's like-minded peers will also

abstain. Because the preferred candidates could defeat the opposition only if

like-minded citizens vote in larger numbers than do unlike-minded citizens, the

individual may conclude that he or she had better vote. That is, an individual
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niay regard his or her single vote as diagnostic of millions of votes, and hence as

a sign that the preferred candidates will emerge victorious. This analysis of vot-

ing can be likened to a prisoner's dilemma game played by identical twins, which

is a variant of the well-known Newcomb's paradox, (Nozick, 1969). The twins

rta.on that each will eventually select the same option. Therefore, each twin

should select the dominated cooperative response to "induce" the other to do the

saine.

To explore the plausibility of "diagnostic voting," we created a political

scenario about an imaginary country named Delta, whose electorate consisted of

.| million supporters of Party A, 4 million supporters of party B, and 4 million

non-algne-d voters. Subjects were asked to imagine that they support Party A,

and that they wonder whether it is worthwhile t.; vote in the upcoming election

They were presented with one of two theories about who would determine the

margin of victory in the election. Both theories maintained that the victorious

party would win by a margin of from 200,000 to 400,000 votes. But according to

the "Non-Aligned Voters Theory," party supporters will vote in roughly equal

numbers: hence the margin of victory will be determined by the non-aligned

voters, %-,ho will either swing disproportionately for Party A or for Party B

depending on which group of political experts one consulted. In contrast, the

Party Supporters Theory held that non-aligned voters will split their vote equally

between the to parties. The margin of victory would therefore depend on which

of the two parties voted in greater numbers. That is, supporters of one party will
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be more likely to vote than supporters of the other party, although the political

experts did not agree as to which party it would be.

Insert Figure 2 about here

Note that the Party Supporters Theory holds that there will be a correla-

tion between political orientation and vote turnout. That is, either the support-

ers of Party A will vote in greater numbers than the supporters of Party B (i.e.,

A>B) or vice versa (i.e., A<B). In contrast, the Nonaligned Voters Theory

holds that there will be no correlation (A=B). The correlational structure

expected to be generated by subjects in the Party Supporters condition is shown

in Figure 2. Thus although the causal consequences of voting were held constant

across the two theories, only subjects who receive the Party Supporters Theory

could regard their decision to vote or to abstain as diagnostic of the decision

reached by the other supporters of Party A. Because one's decision to vote

would be diagnostic of a favorable electoral outcome only for subjects exposed to

the Parts Supporters Theory, these subjects should show a greater willingness to

%ote than should subjects who receive the Nonaligned Voters Theory. To test

th., l,,v,,fh'es. we asked subjects a number of questions after they had read

the retpective theory, four of which assessed conditional probabilities. Assuming

ths, the,,rN %%ere true, the subjects was asked how likely is it that the supporters

of party _k will vote in greater numbers than the supporters of party B (i.e., A >

i1) given that the subject votes (i.e.. V) and given that the subject abstains. The
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next two questions were similar in that the subject now estimated the probability

of party A's defeating party B conditional on the subject's voting or abstaining.

Finally, subjects were asked whether they would vote, assuming the theory were

true and voting were costly. We made the following predictions:

1. The differences in inferred probabilities conditional on voting and abs-

taining will be greater among subjects who receive the Party Supporters Theory

than among those who receive the Nonaligned Voters Theory. That is,

P(A>B/V) - P(A>B/not V) will be greater in the former condition than in the

latter condition, and this difference will hold for "A>B" as well as for "party A

defeats party B."

2. Subjects who receive the Party Supporters Theory will indicate a

greater willingness to vote than will subjects who receive the Nonaligned Voters

Theory.

3 The greater the difference in inferred probabilities conditional on voting

and abstaining, the greater the willingness to vote. That is, the more a subject

believes that his or her voting is diagnostic of what other supporters of party A

%ould do. the more willing is the subject to vote.
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Method

Subjects

The subjects were 315 Stanford undergraduate volunteers.

Procedure

The diagnostic voting problem was included in a questionnaire that sub-

jects completed in their dormitories. It presented the information given in the

introduction in greater detail. Subjects were asked to imagine themselves citizens

of the nation, Delta, which was said to have two major opposing parties. Party

A favors pea(e and prosperity. Party B favors offensive warfare. Subjects ima-

gine(d they were supporters of party A, which consists of politically like-minded

persons. Delta was about to hold an election with the presidency and other

important offices being contested. A recent poll showed that 4 million eligible

voters supported Party A, 4 million supported Party B, and 4 million were not

aligned with either party. Subjects imagined that they were deciding whether to

vote, for registering to vote in Delta is costly in time and effort. They could not

ask others if they would vote, because it is considered impolite in Delta to inquire

into the voting intentions of others. To facilitate the decision, they were to con-

suit the prevailing theory about the sort of voters that determine the margin of

victory for the winning party. The proponents of the theory were said to be

expert political analysts.



Contingencies
28

Subjects who received the Party Supporters Theory learned that the

nonaligned voters would split their votes equally between the two parties. The

outcome of the election would be due to the fact that the supporters of party A

will differ from the supporters of party B in how involved they become in the

election. Half of the experts believed that party A supporters would become

more involved than party B supporters and half believed that party B supporters

would become more involved than party A supporters. All experts agreed that

the party whose supporters became more involved would win by a margin of from

200,000 to 400,000 votes. The Nonaligned Voters Theory informed the remaining

subjects that Party A and Party B supporters will vote in equal numbers. But

the majority of the nonaligned voters will side with one unspecified party (the

experts usere split as to which party it would be), and that party will win by a

margin of from 200,000 to 400,000 votes.

Having read the theory, subjects responded to nine questions. The first

three ascertained that subjects correctly retained the relevant information. Thus

subjects were asked (1) by how many votes will the winning party defeat the

opposition? (2) according to the theory, which group of voters will determine the

margin of victory? (3) the supporters of which party are similar to you in atti-

tudes and behavior? The next four questions assessed the conditional probabili-

ties hypothesized in part to motivate the vote: (1) if you vote, how likely is it

that the other supporters of party A will vote in larger numbers than the sup-

porters of party B? (2) if you abstain, how likely is it that the other supporters
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of party A will vote in larger number than the supporters of party B? (3) if you

vote, how likely is it that party A will defeat party B? and (4) if you abstain,

how likely is it that party A will defeat part) B? Responses were made on 0-

point scales labelled in the middle and at the endpoints. On a similar scale, sub-

jects were asked, "how likely are you to vote if the theory were true and voting

in Delta were costly"' and, finally, subjects checked "yes" or "no" to the ques-

tion, "would you vote if the theory were true and voing in Delta were costly?"

Results

Validity of the Manipulations

Over 93% of the subjects correctly recalled that the margin of victory

would be from 200,000 to 400,000 votes and the group of voters who would deter-

mine the margin of victory. Moreover, all but one subject identified party A as

the one whose supporters were similar to themselves in attitudes and behavior.

Errors were distributed fairly equally across conditions, and omitting subjects

who made an incorrect response does not affect the conclusions drawn from the

major dependent measures.

Conditional Probabilities and Voting Intentions

Each subject was asked to estimate the likelihood that Party A would vote

in lar-er numbers than Party B if the subject voted and if the subject abstained.

The subject was also asked the likelihood that Party A would defeat Party B
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conditional on the subjects' voting and abstaining. The cell means are shown in

Table 3, and data relevant to the predictions are found in the rows labelled

"difference." As expected, the differences in inferred likelihoods conditional on

voting and abstaining were significantly greater among subjects in the Party Sup-

porters condition than among subjects in the Nonaligned Voters condition, both

for the question concerning whether party A would vote in greater numbers than

party B, F(1,313) = 35.79, p<.001, and for the question concerning whether

party A would defeat party B, J91,313) = 40.18, p<.001.

Insert Table 3 about here

The difference between conditions in the assumed diagnostic significance of

voting translated into differences between conditions in assumed voting inten-

tions. Subjects in the Nonaligned Voters condition assumed that they would be

less villing to vote (M=6.43) than did subjects in the Party Supporters condition

(M=7.17), F1 1,313 =7.85, p<,05. In a like manner, a greater percentage of sub-

jects in the former condition (16-) than in the latter (7e.') indicated that they

would nut vote, p<.05. Evidence for the hypothesized linkage between the

inferred diagnostic significance of voting and willingness to vote was most

directly demonstrated through correlational measures. In the Party Supporters

condition, subjects were more willing to vote the more they believed that their

decision to vote or to abstain was diagnostic of (a) whether party A would vote

in greater numbers than party B, (i.e., P(A>B/V) - P(A>B/not V)), r=.27,
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p<.001 and (b) whether party A would defeat party B, (i.e., P(A defeats B/V) -

P(A defeats B/notV)), r=.32, p<.001. In the Nonaligned Voters condition, the

correlations were nonsignificantly smaller, r=.07, n.s. and r=.17, p<.O1, respec-

tively. That the correlations were smaller in the Nonaligned Voters condition

than in the Party Supporters condition may be attributabie to the smaller vari-

ance in the conditional probability differences in the former condition.

Discussion

From the perspective of the individual citizen, voting is both causal and

diagnostic with respect to a desired electoral outcome. Causally, a single vote

may create or break a tie, and the citizen may communicate with like-minded

peers, persuading them also to vote. Diagnostically, one's decision to vote or to

abstain is an indicator that others who think and act like oneself are likely to

make the same decision. The Party Supporters and Nonaligned Voters theories

were equivalent in the causal significance of voting. But subjects perceived the

Party Supporters Theory as having more diagnostic significance than the

Nonaligned Voters Theory. As a consequence, they indicated a greater willing-

ness to vote given the validity of the former theory than given the validity of the

latter. These results obtained despite the margin of victory's being kept at from

200,000 to 400,000 votes for both theories, a margin that the vast majority of

subjects acrurately recalled.
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One could identify additional circumstances, analogous to voting, in which

collective action dwarfs the causal significance of a single individual's decision.

The outcomes of most wars would not have changed had one fewer draftee been

inductedand the success or failure of many telethons do not hinge on the contri-

butions of a single viewer. The paradox is that if each citizen, draftee, or viewer

abstains from making his or her paltry contribution upon acknowledging its rela-

tive insignificance, then the outcomes would be dramatically affected. Indeed, the

moral imperatives to vote, to fight, and to help the disabled draws its strength

from the argument, "If you believe that your vote/fighting/contribution doesn't

help, then consider what would happen if everyone felt that way." The argument

is compelling. Nonetheless, just how does an individual's private decision materi-

ally afrOie the decision reached by countless other people?

General Discussion

Actions may be causal or diagnostic of outcomes with which they are

correlated. The normative analysis of choice maintains that, in the evaluation of

alternative actions, an outcome ought to be weighted by its probability condi-

tional on selecting the actions only if the actions have a causal effect on the out-

come. We have hypothesized, however, that people may weigh an outcome by its

subjective conditional probability, even though the alternative actions may be

merely diagnostic of the outcome. That is, if both action and outcome are

believed to he consequences of a common antecedent cause, people may reason
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that by selecting the action they have increased the probability of the desirable

outcome. Thus, in the first experiment, subjects selected actions correlated with

longevity despite their recognizing that the actions would not affect their state of

health. The actions, which were directional changes in tolerance to cold water,

were mere signs that one possessed the sort of heart that would endure for longer

than the normal span of years. The experiment further showed that the comfort-

ing diagnosis was accepted primarily by subjects who denied that they had pur-

posefully tried to alter their tolerance to the cold. A certain degree of self-

deception was probably involved, for otherwise the action may not have been

attributed to the auspicious antecedent cause but rather to the motive to infer

that cause. The second experiment demonstrated that people may make deci-

sions diagnostic not only of their own attributes but of the decisions likely to be

made by their like-minded peers. The experiment may shed light on why some

people may vote in spite of the low probability of casting a decisive ballot.

We suggested that the assumed physiological mechanism of pain and heart

responses may have facilitated self-deception in the first experiment. When an

action is caused by factors believed to be outside an individual's voluntary con-

trol, it becomes very easy to deny to oneself that the action was deliberately

enacted to make a cheerful diagnosis. That self-deception may occur more often

and be more successful for actions (incorrectly) believed to be uncontrollable than

controllable is an interesting question for further research. The possibility of a

"motivational placebo effect," in which the desire to have one's tolerance shifted
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produces actual changes in physiological tolerance thresholds, seems worth

exploring.

We have argued that people often select actions to make favorable diag-

noses. But favorable diagnoses may be reached also by varying the cir-

cumstances under which an action is performed. Suppose subjects in the first

experiment were required to keep their arm in the cold as long on the second trial

as on the first, but they were allowed to adjust the temperature of the water on

the second trial. Then subjects who learned that longevity was associated with

an exercise-induced increase or decrease in tolerance may have, respectively,

lowered or raised the water's temperature on the second trial. That is, by mak-

ing the water temperature either colder or hotter, they could still infer an

increase or a decrease in tolerance without altering time of immersion. This

point is reminiscent of the self-handicapping strategies discussed by Jones and

Berglas (1978). These authors have argued that people may alter the cir-

cumstances of diagnostic performance to protect the belief that they are basically

competent. For example, by drinking or taking drugs, any level of intellectual

performance would not destroy the belief that one is basically bright, for even

failure could be attributed to the debilitating effects of alcohol.

Finally, subsequent research should explicitly manipulate whether people

believe an action to be causal or diagnostic of a favorable outcome. Intuitively, it

appears as though the action would be chosen more often by subjects with a

causal theory than by subjects with a diagnostic theory. But ironically, the
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intuition may not always be valid. 2 Compare the Catholic to the Calvinist.

Both believe that one's conduct on earth (virtuous or sinful) is correlated with

one's post-mortal fate (paradise or hell). But the Catholic subscribes to a causal

theory in which the location of one's soul after death is a direct consequence of

how one led one's life on earth. In contrast, the Calvinist champions a diagnostic

theory in which earthly conduct and post-mortal fate are both consequences of

the deity's prior decision. Although Catholics believe they can influence the loca-

tion of their life after death, whereas Calvinists believe they cannot, Calvinists

may be even more motivated than Catholics to select the virtuous acts correlated

with paradise. To the Calvinist, even a single sinful deed is evidence enough that

he or she is not among the chosen. To the Catholic, it is more a matter of one's

total good and bad deeds that determines heaven or hell. And besides, there is

always confession.
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Footnotes

I We are indebted to an anonymous reviewer for bringing this point to

our attention.

2. We wish to thank Lee Ress for this idea.
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Table 1

Mean Time of Immersion in Seconds

Trial

.Condition Baseline Experimental Change

Decrease 44.74 37.11 -7.63

Increase 34.21 46.05 + 11.84
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Table 2

Mean Changes in Tolerance

Subjects' Self-Reported Group

Condition Non-Deniers Deniers

Decrease -5.00 -8.13

Increase +19.17 +8.08
F(1,34) 11 54 18.61

Difference 2.t.17 16.21

p .005 .001
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Table 3

The Inferred Likelihood of States Given Subject's Decision

States

Party A votes in Party A
Subject's greater numbers defeats

Condition Decision than Party B Party B

Party Supporters vote 5.81 6.06
Theory abstain 4.13 4.09

difference 1.68 1.97

Nonaligned vote 4.20 512
Voters Theory abstain 3.87 4.60

difference 0.33 0.52
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Figure Captions

Figure 1. Illustrated causal structures.

Figure 2. Voting decisions faced by subjects in the party supporters
condition.
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Figure 1

Chosen/Not Chosen Type 1/Type 2

Virtuous/Sinful Paradise/Hell Increased tolerance/ Short life/
Decreased tolerance Long life
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Figure 2

A>B/A<B

I vote/I abstain party A wins/party B wins
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Dr. Robert Blanchard
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Development Center Naval Coastal Systems Laboratory
Command and Support Systems Code 712
San Diego, CA 92152 Panama City, FL 32401

CDR J. Funaro CDR C. Hutchins
Human Factors Engineeing Division Code 55
Naval Air Development Center Naval Postgraduate School
Warminster, PA 18974 Monterey, CA 93940

Mr. Stephen Merriman Office of the Chief of Naval
Human Factors Engineering Division Operations (OP-115)
Naval Air Development Center Washington, D. C. 20350
Warminster, PA 18974

Professor Douglas E. Hunter
Mr. Jeffrey Grossman Defense Intelligence College
Human Factors Branch Washington, D. C. 20374
Code 3152
Naval Weapons Center Department of the Army
China Lake, CA 93555
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Human Factors Engineering Branch HQS, Department of the Army
Code 1226 DAPE-MBR
Pacific Missile Test Center Washington, D. C. 20310
Point Mugu, CA 93042
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Department of the Navy Foreign Addressees

Dr. Edgar M. Johnson Dr. Kenneth Gardner
Technical Director Applied Psychology Unit
U. S. Army Research Institute Admiralty Marine Technology
5001 Eisenhower Avenue Establishment
Alexandria, VA 22333 Teddington, Middlesex TWIl OLN

England
Director, Organizations and

Systems Research Laboratory Director, Human Factors'Wing
U. S. Army Research Institute Defence & Civil Institute of
5001 Eisenhower Avenue Environmental Medicine
Alexandria, VA 22333 Post Office Box 2000

Downsview, Ontario M3M 3B9
Technical Director Canada
U. S. Army Human Engineering Labs
Aberdeen Proving Ground, MD 21005 Dr. A. D. Baddeley

Director, Applied Psychology Unit
Department of the Air Force Medical Research Council

15 Chaucer Road
U. S. Air Force Office of Scientific Cambridge, CB2 2EF England

Research
Life Sciences Directorate, NL Other Government Agencies
Boiling Air Force Base
Washington, D. C. 20332 Defense Technical Information Center

Cameron Station, Bldg. 5
AFHRL/LRS TDC Alexandria, VA 22314 (12 copies)
Attn: Susan Ewing
Wright-Patterson AFB, OH 45433 Dr. Craig Fields

Director, System Sciences Office
Chief, Systems Engineering Branch Defense Advanced Research Projects
Human Engineering Division Agency
USAF AMRL/HES 1400 Wilson Blvd.
Wright-Patterson AFB, OH 45433 Arlington, VA 22209

Dr. Earl Alluisi Dr. M. Montemerlo
Chief Scientist Human Factors & Simulation
AFHRL/CCN Technology, RTE-6
Brooks Air Force Base, TX 78235 NASA HQS

Washington, D. C. 20546
Foreign Addressees
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Dr. Daniel Kahneman Florida Institute of Oceanography
University of British Columbia University of South Florida
Department of Psychology St. Petersburg, FL 33701
Vancouver, BC V6T IW5
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Dr. Robert R. Mackie Dr. Ralph Dusek
Puman Factors Research Division Administrative Officer
Canyon Research Group Scientific Affairs Office
5775 Dawson Avenue American Psychological Association
Goleta, CA 93017 1200 17th Street, N. W.

Washington, D. C. 20036
Dr. Amos Tversky
Department of Psychology Dr. Robert T. Hennessy
Stanford University NAS - National Research Council (COHF)
Stanford, CA 94305 2101 Constitution Avenue, N. W.

Washington, D. C. 20418

Dr. H. McI. Parsons
Human Resources Research Office Dr. Amos Freedy
300 N. Washington Street Perceptronics, Inc.
Alexandria, VA 22314 6271 Variel Avenue

Woodland Hills, CA 91364
Dr. Jesse Orlansky
Institute for Defense Analyses Dr. Robert C. Williges
1801 N. Beauregard Street Department of Industrial Engineering
Alexandria, VA 22311 and OR

Virginia Polytechnic Institute and
Professor Howard Raiffa State University
Graduate School of Business 130 Whittemore Hall

Administration Blacksburg, VA 24061
Harvard University
Boston, MA 02163 Dr. Meredith P. Crawford

American Psychological Association

Dr. T. B. Sheridan Office of Educational Affairs
Department of Mechanical Engineering 1200 17th Street, N. W.
Massachusetts Institute of Technology Washington, D. C. 20036
Cambridge, MA 02139

Dr. Deborah Boehm-Davis
Dr. Arthur I. Siegel General Electric Company
Applied Psychological Services, Inc. Information Systems Programs
404 East Lancaster Street 1755 Jefferson Davis Highway
Wayne, PA 19087 Arlington, VA 22202

Dr. Paul Slovic Dr. Ward Edwards
Decision Research Director, Social Science Research
1201 Oak Street Institute
Eugene, OR 97401 University of Southern California

Los Angeles, CA 90007
Dr. Harry Snyder
Department of Industrial Engineering Dr. Robert Fox
Virginia Polytechnic Institute and Department of Psychology

State University Vanderbilt University
Blacksburg, VA 24061 Nashville, TN 37240
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Dr. Charles Gettys Dr. Babur M. Pulat
Department of Psychology Department of Industrial Engineering
University of Oklahoma North Carolina A&T State University
455 West Lindsey Greensboro, NC 27411
Norman, OK 73069

Dr. Lola Lopes
Dr. Kenneth Hammond Information Sciences Division
Institute of Behavioral Science Department of Psychology
University of Colorado University of Wisconsin
Boulder, CO 80309 Madison, WI 53706

Dr. James H. Howard, Jr. Dr. A. K. Bejczy
Department of Psychology Jet Propulsion Laboratory
Catholic University California Institute of Technology
Washington, D. C. 20064 Pasadena, CA 9!125

Dr. William Howell Dr. Stanley N. Roscoe
Department of Psychology New Mexico State University
Rice University Box 5095
Houston, TX 77001 Las Cruces, NM 88003

Dr. Christopher Wickens Mr. Joseph G. Wohl
Department of Psychology Alphatech, Inc.
University of Illinois 3 New England Executive Park
Urbana, IL 61801 Burlington, MA 01803

Mr. Edward M. Connelly Dr. Marvin Cohen
Performance Measurement Decision Science Consortium
Associates, Inc. Suite 721

410 Pine Street, S. E. 7700 Leesburg Pike
Suite 300 Falls Church, VA 22043
Vienna, VA 22180

Dr. Wayne Zachary

Professor Michael Athans Analytics, Inc.
Room 35-406 2500 Maryland Road
Massachusetts Institute of Willow Grove, PA 19090

Technology
Cambridge, MA 02139 Dr. William R. Uttal

Institute for Social Research
Dr. Edward R. Jones University of Michigan
Chief, Human Factors Engineering Ann Arbor, MI 48109
McDonnell-Douglas Astronautics Co.
St. Louis Division Dr. William B. Rouse
Box 516 School of Industrial and Systems
St. Louis, MO 63166 Engineering

Georgia Institute of Technology
Atlanta, CA 30332
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Dr. Richard Pew Psychological Documents (3 copies)
Bolt Beranek & Neuman, Inc. ATTN: Dr. 3, G. Darley
50 Moulton Street N 565 Elliott Hall
Cambridge, MA 02238 University of Minnesota

Minneapolis, MN 55455
Dr. Hillel Einhorn

Graduate Schoul of Business
Unriversity of Chicago

ljOl E. 58th Street

Chicago, IL 60637

Dr. Douglas Towne

University of Southern California
Behavioral Technology Laboratory
3716 S. Hope Street

Los Angeles, CA 90007

Dr. David J. Getty

Bolt Beranek & Neuman, Inc.
50 Moulton street

Cambridge, MA 02238

Dr. John Payne

Graduate School of Business
Administration

Duke University

Durham, NC 27706

Dr. Baruch Fischhoff

Decision Research
1201 Oak Street
Eugene, OR 97401

Dr. Andrew P. Sage
School of Engineering and

Applied Science
University of Virginia
Charlottesville, VA 22901

Denise Benel
Essex Corporation
333 N. Fairfax Street
Alexandria, VA 22314
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